Basal ganglia and processing of cortical information: functional interactions between trans-striatal and trans-subthalamic circuits in the substantia nigra pars reticulata.
The substantia nigra pars reticulata (SNR), a major output station of basal ganglia, receives information from the cerebral cortex through three main pathways, i.e. a direct inhibitory trans-striatal pathway, an indirect excitatory trans-striatal pathway that involves the pallidum and the subthalamus and a direct excitatory trans-subthalamic pathway. In order to determine how cortical information flow originating from functionally distinct cortical areas and processed through the trans-striatal and trans-subthalamic pathways is integrated within the SNR, the responses induced by electrical stimulation of prefrontal, motor and auditory cortex in SNR cells were analyzed in anesthetized rats. Further confirming that direct striato-nigral pathways related to these functionally distinct cortical areas are organized in parallel channels, stimulation of the prefrontal, motor and auditory cortex induced an inhibitory response on distinct subpopulations of SNR cells. Within a given channel, the direct trans-striatal and the trans-subthalamic pathways converge on a large number of nigral cells. In addition, the present study reveals that nigral cells receiving an inhibitory input from a given cortical area through the direct trans-striatal pathway can also receive an excitatory input from a functionally distinct cortical area through the trans-subthalamic pathways. Such a convergence mainly occurred between the direct striato-nigral pathway issued from the auditory cortex and the trans-subthalamic pathways issued from the motor cortex. These data reveal the existence of a converging influence of trans-subthalamic and direct striato-nigral pathways not only within but also across channels. Within a given cortico-basal ganglia channel, the trans-subthalamic pathways likely contribute to the temporal shaping of the striato-nigral inhibition and thus of the disinhibition of the related nigral target nuclei in the thalamus and mesencephalon. Across channels, the specific interactions between trans-subthalamic and direct striato-nigral pathways could contribute to prevent inhibition of subpopulations of nigral cells implicated in competing functions.